Heat-transfer coefficients are reported for one surface, a pin-fin surface with 50 mm square base area. The In Line pin-fin surface comprised of 1 mm square pin fins that were 1 mm high and located on a 2 mm square pitch array it that covering the base. The channel was 1 mm high and had a glass top plate. The data were produced while boiling R113 at atmospheric pressure. For this surface, the mass flux range was 50 -250 kW/m 2 s and the heat flux range was 5 -140 kW/m 2 . The results obtained have been compared with standard correlations for tube bundles. The measured heat-transfer coefficients for the pin-fin surface are slightly higher any surface. It is dependent on heat flux and reasonably independent of mass flux and vapor quality. Thus, heat transfer is probably dominated by nucleate boiling and is increased by the pin fins due to increasing in area and heat-transfer coefficient, the pinfin pressure drops were typically larger than other values.
INTROUCTION
Flow boiling in mini-and micro-flow passages can be used for cooling many high power density devices such as Micro Electro Mechanical Systems (MEMS), microprocessors, laser diode arrays and Light Emitting Diodes (LEDs). This has led to an abundance of research into flow boiling in small-scale flow passages. Many researchers have investigated flow boiling heat transfer phenomena with the objective of developing reliable design models for mini and micro-flow passages. Nevertheless, there is still a lack of understanding of the phenomena involved. Hence there is some doubt about the reliability of the new models and when they should be applied. Boiling studies of complex geometries have been undertaken at the macro-scale, for example Ishihara et al. [1] , Schrage et al. [2] , Dowlati et al. [3] , Dowlati et al. [4] and Feenstra et al. [5] . These studies have investigated flow patterns, heat transfer, pressure drop, and void fraction characteristics for flow across a bank of conventional size tubes. A state-of-the-art review of research on two-phase flow and flow boiling across conventional horizontal and small tube bundles has been investigated by Ribatski and Thome [6] . Lie et al. [7] reported flow boiling of FC-72 on plain and pin finned surfaces at atmospheric pressure. Two pin-fin surfaces were examined; one with fins 200 μm square and 70 μm high on a square in-line configuration with a 400 μm pitch, and one with fins 100 μm square and 70 μm high on a square in-line configuration with a 200 μm pitch. The mass fluxes used were within the range 287-431 kg/m 2 s and the heat fluxes within 1-100 kW/m 2 . Single phase and flow boiling heat-transfer coefficients were investigated. The mass flux was found to have only a slight effect on the boiling heat-transfer coefficient. The temperature at the onset of nucleate boiling was found to increase with increasing mass flux and, for the same wall-to-fluid temperature difference, the largest heat transfer occurred with the 100 μm fins. Krishnamurthy and Peles reported water [8] and Krishnamurthy and Peles [9] investigated nitrogenethanol flows across an array of circular pin fins, 10 μm diameter and10 μm high. The fins were arranged in a staggered array with a longitudinal and transverse pitch of 150 μm on a surface of 1.5 mm wide and 10 mm long. Surface tension effects were deduced by comparing the results of two studies. Water has a similar density and viscosity to ethanol but a much higher surface tension. The flow pattern transition boundaries were found to depend on surface tension. The pressure drop was also affected because of its flow map dependence. Except for a small range of gas-mass fractions, the void fraction was found to be reasonably independent of surface tension.
EXPERIMENTAL SETUP
In the Figure 1 Schematically, the flow loop is presented. Before to running each single phase flow exam series, the working fluid was degassed by vigorous boiling for closely three hours to force any dissolved gases to run away from the system to the ambient. During this interval the vent valve above the condenser was periodically opened to permit dissolved gases goes to elopement to the atmosphere. This furthermore set the test pressure to close atmospheric. After degassing the liquid, as it was observed that no gas or air bubble coming out of the liquid inside the test piece before to boiling, flow boiling exams were executed. Exams were conducted by setting the wanted liquid mass flow rate and inlet temperature. Mass flow rate was adjusting by the by-pass valve and modify by the throttling valve located before the filters. The pre-heater was linked to a controller. With respect to the exam's mass flow rate, the controller was adjusting to the wanted applied heat to the fluid flow which was passing the pre-heater, to supply the required inlet temperature. Simultaneously the test section heater was adjusting to the required heat flux to the test piece. The liquid was distributed through the flow loop until the wanted entry temperature was obtained. This took three hours approximately. Steady state conditions were obtained when the fluid outlet, heater and the aluminum housing temperatures were seen to be stable. This took half an hour approximately. All of the wanted readings were achieved before the heat flux was re-set to the next required value and the process iterated. During the exams to maintain the system pressure close the atmospheric pressure, the vent valve above the condenser was periodically open and a balloon was connected to it to block the vapor to elopement from the system. High speed videos were taken of the boiling occurring on the test piece by a Kodak micro motion 1000 camera. The camera was set to 240 frames /s at a resolution of 720 by 480 pixels. Liquid entered the inlet plenum of the test-section through the two inlet ports, set at 90ᵊ to the direction of stream in the aluminum test piece. The plenum chamber dimensions were set to reduce the liquid velocity to close to zero before it.
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Fig(2): Test section[10]
The In-Line pin-fin micro-channel test piece is shown in Fig. 3 .The In-Line pin-fin micro-channel was constructed from a piece of copper, 50 mm wide by 50 mm long and 6 mm high. The channels were formed by cutting slots 1 mm wide and 1 mm deep in the longitudinal direction. The slots were 1 mm apart. Three holes, 0.6 mm in diameter by 12.5 mm long, were drilled into the test piece at the inlet and outlet ends. The holes were located 2.5 mm from the top of the boiling surface and 11, 25 and 39 mm from an edge. These holes allowed six sheathed K-type thermocouples, 0.5 mm in diameter, to be located below the boiling surface. All thermocouples were calibrated in a water bath and were accurate to ±0.15 K. Fig(3) .The test piece [10] 
MATHEMATICAL MODELS
The heat flow from the heater to the test piece is proportional to the difference between the heater temperature, Th, and the test piece surface temperature, Tw. Data taken when the liquid outlet temperature was below the saturation temperature, deduced from the outlet fluid pressure, were used to establish this relationship. The effective heat flux, qeff, was determined from the ratio of increase in sensible heat of the liquid to the base area of the test Piece, and was correlated by (2) This permitted the local outlet and inlet single-phase heat-transfer coefficients to be got from a onedimensional heat balance through a small flow length (∆z) at the base of the channel gave
The log mean temperature difference (LMTD) represents the wall to fluid temperature difference [11] and Dimensions of heat-transfer unit cell [4] :-
The fins could be processed as rectangular fins with adiabatic tips, i.e.
η=tanh(λ Hch)λ Hch .…..(5)
In which λ was the fin parameter, which is given by λ=4αkcWw
Wall temperatures was normally less than 0.7 °C, but could, on occasion, be as large as 1.4 °C. The local wall temperature was therefore got by averaging the data from the three relevant thermocouples to get Ttc , which was then corrected for depth from the plate surface, Htc , through the one dimensional heat conduction equation, i.e. Tw=Ttc-qp Htck ……. (6) The local outlet and inlet two-phase heat-transfer coefficients to be got from two -phase heat transfer from:-
For a liquid with a specific heat capacity of cp, the liquid temperature was obtained from
TF=Tin+WMCP0zqp dz …….(8)
Where Tin is the liquid inlet temperature, M is the mass flow rate of fluid supplied and W is the width of the test piece.
The assessment of the single-phase, heat-transfer coefficients assumed that each channel contained a developing flow where the heat-transfer coefficient could be obtained from NU-p=0.06(RePr)0.73 …… (9) In the first instance, a uniform heat flux was assumed for qb . This allowed the local inlet and outlet heat-transfer coefficients to be obtained from Eq. (3) for each heat and mass flux setting tested. These heat-transfer coefficients were used in a least squares analysis to find values of 0.06 and 0.73 in Eq. (9). This heat-transfer coefficient was imposed on the wall conduction model and Eq. (8) was used to find the liquid temperature, which for these tests is the heat-transfer temperature. This allowed the heat flux distribution to be found and hence an update to the inlet and outlet heattransfer coefficients. The process was repeated until 0.06 and 0.73 became reasonably constant.
Where Prf and Ref are the liquid Prandtl number and Reynolds number relied on local flow, i.e Prf=Cp,fμfkf……………….… (10) Ref=GDhμf …………..….. (11) All Nusselt numbers were defined as
NU-m=∝DhKf ……(12)
The equivalent diameter for a square pin was chosen to give the same circumference as an equivalent circular tube Dh=4 Wwπ ……..…. (13) A typical two-dimensional unit cell at the location of a thermocouple situated inside the copper test piece for the parallel test pieces is seen in the table below. 
EXPERIMENTAL RESULTS FOR SINGLE-PHASE AND TWO-PHASE FLOWS
Heat-transfer coefficients and pressure were obtained for single-phase liquid R113 near atmospheric pressure and temperature. For the pin-fin surface, heat-transfer Coefficients were obtained for heat loads in the range 25 -140 W. The heat load was chosen to give a rise in fluid temperature of at least 4 -5 K. This gave apparent heat fluxes in the range 5 -50 kW/m2, based on the base area of the test plates. Five equally spaced mass flow rates between 2.5 g/s and 12.5 g/s were used. This gave mass fluxes in the range 50-250 kg/m 2 s, based on the unrestricted flow area in the test channels. Pressure drops were obtained under isothermal conditions for the same mass fluxes.Single-phase analysis, heat transfer coefficients measurements which were presented are analyzed in this paper. For the parallel channel surfaces, several popular macro-and micro-channel correlations for the empirical data were compared with the heat-transfer data. The variation of single phase heat transfer with heat flux is shown for the In Line Pin-Fin Channel surface as shown in Figure 5 .Heat flux is plotted in terms of Th , for all mass fluxes and the relevance was Linear relationship. The difference between channel base wall temperature, Tw , and heater temperature ,Th . 
CONCLUSIONS
The experimental procedure for these tests led to the occurrence of three types of heat-transfer, single-phase, sub cooled boiling and saturated boiling. Single-phase heat-transfer was taken to have occurred when the fluid above the thermocouple was in a sub cooled State and the wall temperature was below the local saturation value. Sub cooled boiling heat-transfer was taken to have occurred when the fluid above the thermocouple was in a sub cooled state and the wall temperature was above the local saturation value. Saturated boiling heat-transfer was taken to have occurred when the fluid above the thermocouple was in a saturated state and the wall temperature was above the local saturation value. Heat-transfer and pressure drop data have been obtained for pin fin channel geometry. The two-phase heat-transfer coefficient for the pin-fin surface is had been investigated. However, the pin-fin surface area is larger and the heat-transfer coefficient is slightly larger, allowing a much lower surface temperature for the same heat flux compared with plate channel.The following conclusions can be drawn from this study:-1. The heat flux distributions have deformities obtained from two causes. The first cause is because of end effects, and the second cause is because of the variation in liquid temperature, and heat transfers coefficient. To demonstrate the first cause, assume the channel contained a flow that was subjected to a uniform heat flux. To explain the Importance of the second effect, the heat conduction model outlined was solved for single phase flows. 2.The In-Line pin-Fine Channel had a bigger heat transfer area than plate surface when compared it with a Literature Survey. 3.In-Line pin-fin surfaces improve the heat transfer by increasing the heat-transfer surface and the heat-transfer coefficient. These data were obtained for R113 and are therefore likely to be applicable to more readily available fluids. 
